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DESCRIPTION 
SEMICONDUCTOR LIGHT EMITTING DEVICE 

BACKGROUND OF THE INVENTION 
FIELD OF THE INVENTION 

The present application relates to a GaN system 
semiconductor light emitting device comprising a light 
emission layer, consisting of a GaN system semiconductor, and 
more specifically to a GaN system semiconductor light 
emitting device excellent in light emission efficiency and 
light extracting efficiency. 

DESCRIPTION OF THE RELATED ART 

Since a GaN system semiconductor light emitting device 
comprising GaN system semiconductor layers makes it possible 
to realize a white light LED, there is taken into account a 
possibility of serviceability as an electronic device for 
lighting applicable to a back light. The GaN system 
semiconductor light emitting device has as its basic 
structure a pn junction diode, wherein a light emission layer 
is interposed between an n type GaN system semiconductor 
layer and a p type GaN system semiconductor layer. Toward the 
light emission layer electrons are injected from the n type 
GaN system semiconductor layer whereas holes are injected 
from the p type GaN system semiconductor layer, whereupon 
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they are recombined in the light emission layer to emit a 
light. However, especially based upon a high resistivity 
(several Q, * cm) of the p type GaN system semiconductor layer, 
only attaching directly a metal electrode for a bonding pad 
for supplying an electric current , to the n type GaN system 
semiconductor layer or the p type GaN system semiconductor 
layer, would inconveniently lead to a limited flow of an 
electric current solely around the metal electrode. As a 
result, in a light emission layer, which is spaced apart from 
the metal electrode periphery, an emission weakens. On the 
other hand, any light emitted around the metal electrode is 
prevented by the metal electrode from being extracted out of 
the semiconductor light emitting device. 

Conventionally, in order to attain a uniform 
distribution of the electric current, it has been conceived 
to form a metal thin film for the electric current diffusion. 
As such the metal thin film material like a Ni/Au laminating 
electrode, Pt, and etc, should be annealed in an oxygen 
atmosphere to make it more transparent. However, although 
resistivity of Ni/Au or Pt is small, its transparency is not 
sufficient, resulting in degrading of any efficiency of 
taking out the emitted light or any light extracting 
efficiency or light exit efficiency of same. Thinning the 
metal film in order to increase a light transmittance , would 
result in the liability of easier break down of a film 
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portion, whose film thickness is smaller than that of other 
film portions due to the electric current, whereupon 
furthermore any increase of the resistance in the lateral 
direction would lead to the failure to accomplish a primary 
object to achieve a uniform distribution of the electric 
current . 

Moreover, there has also been proposed a method of 
forming an ITO (Indium Tin Oxide) electrode film for the 
electric current diffusion. In Fig. 6 an example embodiment 
has been shown, according to which there is formed the ITO 
electrode film for a GaN system semiconductor light emitting 
device. In Fig. 6, 51 designates a metal electrode, 52 
designates an ITO electrode film, 53 designates a p type GaN 
system semiconductor layer, 54 designates a light emission 
layer, 55 designates an n type GaN system semiconductor layer, 
56 designates a metal electrode, 57 designates a sapphire 
substrate. In Fig. 6, a light emission takes place in the 
light emission layer 54 interposed between the n type GaN 
system semiconductor layer 55 on the sapphire substrate 57 
and the p type GaN system semiconductor layer 53. The 
electric current supply to the n type GaN system 
semiconductor layer 5 5 is carried out via the metal electrode 
56. The electric current supply to the p type GaN system 
semiconductor layer 53 is carried out via the metal electrode 
51 and the ITO electrode film 52. 
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However, although there is provided a high light 
transmittance of emitted light by the ITO electrode film, 
there occurs a formation of a Schottky type contact between 
the ITO electrode film and the p type GaN system 
semiconductor layer, thus resulting in not uniform flow of 
any electric current. Generally, in case of making a contact 
between an ITO electrode film and a n type GaN system 
semiconductor layer or a p type GaN system semiconductor 
layer, an ohmic contact is difficult to provide, while a 
Schottky type contact would be forced to be formed. When the 
Schottky type contact being formed, a potential barrier is 
produced between the semiconductor layer and the ITO 
electrode film, whereby, the driving voltage increases, 
thereby resulting in an increase of power dissipation and an 
increase of heat generation. 

Moreover, there have also been made attempts to attain 
an ohmic property by means of a transparent electrode 
comprising ZnO as an electrode. This utilizes the recognition, 
or the fact that an ohmic contact can be obtained by 
providing a contact between ZnO and an n type GaN system 
semiconductor layer or a p type GaN system semiconductor 
layer . 

In the present application, materials are represented 
by means of the symbol of elements, for example, Ga 
represents gallium and B represents boron. 
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SUMMARY OF THE INVENTION 

In order to solve the above-mentioned problems 
pertaining to the conventional technologies, it is an object 
of the present invention to provide a semiconductor light 
emitting device constituted by forming a transparent 
electrode, which facilitates acquiring an ohmic property, 
instead of an ITO electrode film, at the light extracting or 
light exit side of the GaN system semiconductor light 
emitting device, so as to improve a light emission efficiency 
and a light extracting efficiency of a GaN system 
semiconductor light emitting device. 

In order to accomplish the object mentioned above, a 
first invention of the present application provides a 
semiconductor light emitting device comprising a light 
emission layer, consisting of a GaN system semiconductor, 
interposed between an n type GaN system semiconductor layer 
and a p type GaN system semiconductor layer, wherein the 
semiconductor light emitting device has a Ga-doped Mg z Zni_ z O (0 

^ z<l) electrode film. The first invention of the present 
application enables a diffusion of an electric current in the 
facial direction of the Mg z Zni_ z O electrode film, and also 
enables a reduction of the potential barrier between the 
Mg z Zni_ z O electrode film and the n type GaN system 
semiconductor layer or the p type GaN system semiconductor 
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layer. In this invention, a GaN system semiconductor layer 
means a semiconductor layer comprising at least one layer of 
In p Ga q Al r N (p+q+r=l, p^O, q^O, r^O) . 

There is provided a second invention of the present 
application based upon a subject matter, as its preamble 
portion, of a semiconductor light emitting device according 
to the first invention of the present application, and, 
featured as its characterizing part, in that there is 
provided a metal electrode, which supplies an electric 
current to either the n type GaN system semiconductor layer 
or the p type GaN system semiconductor layer and that the Ga- 
doped Mg z Zni_ z O (0^z<l) electrode film is formed between the n 
type GaN system semiconductor layer or the p type GaN system 
semiconductor layer, and the metal electrode. 

There is provided a third invention of the present 
application based upon a subject matter, as its preamble 
portion, of a semiconductor light emitting device according 
to the first invention of the present application, and, 
featured as its characterizing part, in that that there is 
provided a metal electrode, which supplies an electric 
current to either the n type GaN system semiconductor layer 
or the p type GaN system semiconductor layer and that the 
metal electrode and the Ga-doped Mg z Zn!_ z O (0^z<l) electrode 
film adjoin each other; and the metal electrode and the Ga- 
doped Mg z Zni_ z O (0^z<l) electrode film are arranged so as to 
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be contiguous to the face of the n type GaN system 
semiconductor layer or the p type GaN system semiconductor 
layer and the metal electrode. 

The third invention of the present application enables 
facilitates the electric current supply to the Mg z Zni- z O 
electrode film. 

There is provided a fourth invention of the present 
application based upon a subject matter, as its preamble 
portion, of a semiconductor light emitting device according 
to either the first, second or third invention of the present 
application, and, featured as its characterizing part, in 
that associated with a quantity of the doped Ga, with which 

the Mg z Zni_ z O (0 ^ z<l) electrode film is doped, a carrier 
concentration is lxl0 19 cm~ 3 or more and less than 5xl0 21 cnT 3 . 
The fourth invention of the present application enables the 
reduction of the resitivity of the Mg z Zni_ z O electrode film. 

There is provided according to a fifth invention of the 
present application a semiconductor light emitting device 
comprising a light emission layer, consisting of a GaN system 
semiconductor, which is interposed between a n type GaN 
system semiconductor layer and a p type GaN system 
semiconductor layer, wherein there is provided a B-doped 
Mg z Zni_ z O (0^z<l) electrode film. The fifth invention of the 
present application provides doping of B, which is the same 
IIIB group element as Ga, instead of Ga, and enables electric 
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current to diffuse into the surface side of the Mg z Zni_ z O 
electrode film, while enabling the reduction of the potential 
barrier between the Mg z Zn!_ z O electrode film and the n type GaN 
system semiconductor layer or the p type GaN system 
semiconductor layer. 

There is provided a sixth invention of the present 
application, based upon a subject matter, as its preamble 
portion, of a semiconductor light emitting device according 
to the fifth invention of the present application, and, 
featured as its characterizing part, in that there is 
provided a metal electrode, which supplies an electric 
current to either the n type GaN system semiconductor layer 
or the p type GaN system semiconductor layer, wherein the B- 
doped Mg z Zni_ 2 0 (0^z<l) electrode film is formed between the n 
type GaN system semiconductor layer or the p type GaN system 
semiconductor layer, and the metal electrode. The sixth 
invention of the present application enables facilitating a 
supply of the electric current to the Mg z Zni_ z O electrode film. 

There is provided a seventh invention of the present 
application, based upon a subject matter, as its preamble 
portion, of a semiconductor light emitting device according 
to the fifth invention of the present application, and, 
featured as its characterizing part, in that there is 
provided a metal electrode, which supplies an electric 
current to either the n type GaN system semiconductor layer 
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or the p type GaN system semiconductor layer, wherein the 
metal electrode and the B-doped Mg z Zni_ z O (0^z<l) electrode 
film are arranged so as to be contiguous to the face of the n 
type GaN system semiconductor layer or the p type GaN system 
semiconductor layer and the metal electrode. The seventh 
invention of the present application enables facilitating a 
supply of the electric current to the Mg z Zni- z O electrode film. 

There is provided a eighth invention of the present 
application based upon a subject matter, as its preamble 
portion, of a semiconductor light emitting device according 
to either the fifth, sixth or seventh invention of the 
present application, and, featured as its characterizing part, 
in that associated with a quantity of the doped B, with which 
the Mg z Zni- z O (0 ^ z<l) electrode film is doped, a carrier 
concentration is lxl0 19 cm~ 3 or more and less than 5xl0 21 cm~ 3 . 
The eighth invention of the present application enables the 
reduction of the resitivity of the Mg z Zni- z O electrode film. In 
addition, any combination of arrangements of those inventions 
is possible to the permissible greatest extent. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Fig. 1 is a view explaining a structure of a GaN system 
semiconductor light emitting device according to an 
embodiment of the present application. 

Fig. 2 is a view explaining an experimental result 
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about the characteristics of electric current versus voltage, 
in junction between a ZnO film and a p type GaN layer. 

Fig. 3 is a view explaining an experimental result 
about resistivity versus Ga carrier concentration to Mg z Zni_ z O. 

Fig. 4 is a view explaining a structure of a GaN system 
semiconductor light emitting device according to another 
embodiment of the present application. 

Fig. 5 is a view explaining a structure of a GaN system 
semiconductor light emitting device according to other 
embodiment of the present application. 

Fig. 6 is a view explaining a structure of a 
conventional GaN system semiconductor light emitting device. 

DETAILED DESCRIPTION OF THE INVENTION 

Hereinafter, embodiments of the present invention will 
be described with reference to accompanying drawings. 

DESCRIPTION OF THE PREFERRED EMBODIMENTS 

A first embodiment of the present invention is shown in 
Fig. 1. In Fig. 1, 11 is a metal electrode, 12 is a MgZnO 
electrode film, 13 is a p type GaN system semiconductor 
layer, 14 is a light emission layer, 15 is an n type GaN 
system semiconductor layer, 16 is a metal electrode, and 17 
is a sapphire substrate. 
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In such a GaN system semiconductor light emitting 
device, first of all, the n type GaN system semiconductor 
layer 15 is formed on the top surface of the sapphire 
substrate 17 with MOCVD (metal organic chemical vapor 
deposition) method and the like. It is suitable that the n 
type GaN system semiconductor layer 15 is constituted of an n 
type GaN and a GaN buffer layer. The n type GaN system 
semiconductor layer 15 may be formed with ELO (Epitaxial 
Lateral Overgrowth) . The light emission layer 14 is formed on 
the top surface of the n type GaN system semiconductor layer 
15. The light emission layer 14 consists of In x Ga X - x N (0^x<l) 
or /and Al y Gai_ y N (0^y<l). Moreover, the light emission layer 
14 may be a multi-quantum well structure of I n x Gai _ X N / GaN (0^ 
x<l) with an adjusted ratio of In and Ga, or a multi-quantum 
well structure of Al y Gai- y N/GaN (0^y<l) with an adjusted ratio 
of Al and Ga. Furthermore, a multi-quantum well structure of 
In p Ga q Al r N/GaN (p+q+r=l, p^O, q^O, rSSO) may be applicable 
with an adjusted ratio of In, Ga and Al. Moreover, a layer 

comprising an n type Al y Gai- y N (0^y<l) may be also formed on 
the n type GaN system semiconductor layer 15 side of the 
light emission layer 14, or a layer consisting of Al y Gai_ y N (0 
^ y<l) may be as well formed on the p type GaN system 
semiconductor layer 13 side of the light mission layer 14. 

Next, the p type GaN system semiconductor layer 13 is 
formed on the top surface of the light emission layer 14. 
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After there has been formed the ZnO transparent electrode 
film 12, comprising Ga doped Mg z Zni_ z O (0^z<l), on the top 
surface of the p type GaN system semiconductor 13, a portion 
of the MgZnO transparent electrode film 12, the p type GaN 
system semiconductor layer 13, the light emission layer 14, 
and the n type GaN system semiconductor layer 15 are removed 
by etching. The n type GaN system semiconductor layer 15 is 
etched down to the midway of the layer thereof . Next , the 
metal electrode 16 is formed on the top surface of the 
exposed n type GaN system semiconductor layer 15, and the 
metal electrode 11 is formed on the top surface of the MgZnO 
electrode film 12 with an evaporation method or a sputtering 
method. Ga-doped Mg z Zni_ z O (0^z<l) may be replaced by B-doped 
Mg z Zn!- 2 0 (0^z<l). 

Alternatively, after there has been formed the p type 
GaN system semiconductor layer 13 on the top surface of the 
light emission layer 14, a portion of the p type GaN system 
semiconductor layer 13, the light emission layer 14, and the 
n type GaN system semiconductor layer 15 are removed by 
etching. The n type GaN system semiconductor layer 15 is 
etched down to the midway of the layer thereof. Next, there 
is formed the MgZnO electrode film 12, comprising Ga-doped 
Mg z Zni- z O (0^z<l) on the top surface of the p type GaN system 
semiconductor layer 13. The metal electrode 16 is formed on 
the top surface of the exposed n type GaN system 
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semiconductor layer 15, while the metal electrode 11 is 
formed on the top surface of the MgZnO electrode film 12 with 
an evaporation method or a sputtering method. B-doped Mg z Zni_ z O 
(0 ^ z<l) in place of Ga-doped Mg z Zn x - z O (0 ^ z<l) may be 
applicable . 

The above-mentioned MgZnO film 12 is formed with a 
sputtering method by using a target in the form with a baked 
mixture of Ga 2 0 3 , an ion plating method and the like, MgO and 
ZnO powders. Moreover, the MgZnO film may as well be formed 
with an evaporation method similar to a molecular beam 
epitaxial method, which provides for a metal Ga, a metal Mg 
and a metal Zn, after being heated by a heater as a molecular 
beam, and provides for oxygen by means of RF radical cell. 

ZnO as a material of the transparent -electrode film 
forms an ohmic contact in a junction to the p type GaN system 
semiconductor. Fig. 2 is a characteristic of electric current 
versus voltage, which shows junction state of the ZnO film 
and the p type GaN layer, wherein a horizontal axis shows 
applied voltage and a vertical axis shows the electric 
current. According to Fig. 2, since the electric current is 
almost proportional to the applied voltage, it shows that an 
ohmic contact is obtained without annealing after having 
formed the ZnO film by a molecular beam epitaxial method. 
MgZnO can be used as a material of the transparent -electrode 
film, and furthermore an ohmic contact in a junction to a p 
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type GaN system semiconductor can be obtained like ZnO. 

Now, the inventor has discovered that resistance 
decreases greatly by doping Mg 2 Zni_ z O with Ga or B, which is an 
II IB group element. In Fig. 3 f a relationship of Ga carrier 
concentration to Mg 2 Zni_ z O versus resistivity is shown. In Fig. 
3, a horizontal axis shows the carrier concentration and a 
vertical axis shows the resistivity. According to Fig. 3, it 
shows that the resistivity decreases as the carrier 
concentration is increased, and that the resistivity 
increases rapidly once the carrier concentration exceeds 
lxlO 21 . It is preferable that the resistivity is lxlO~ 2 Q • cm or 
less when employing an electrode film comprising Ga doped 

Mg z Zni_ z O (0 ^ z<l) as an electrode for electric current 
diffusion. It is suitable that the carrier concentration is 
lxl0 19 cm" 3 or more and 5xl0 21 cnT 3 or less according to Fig. 3, 
under this condition. These features mentioned above are 
applicable to the case B is doped instead of Ga. Because the 
resistivity of MgZnO electrode film formed under such a 
condition is smaller than that of a p type GaN system 
semiconductor layer, in the GaN system semiconductor light 
emitting device shown in Fig. 1, electric current injected 
from the metal electrode 11 can easily diffuse in the lateral 
direction in the MgZnO electrode film 12. The electric 
current diffused in the lateral direction is supplied 
extensively to the light emission layer 14 through the p type 
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GaN system semiconductor layer 13. Because the electric 
current spreading is sufficient, holes are extensively 
supplied to the light emission layer 14, thereby it enables 
to achieve an efficient light emission. 

On the other hand, electrons injected from the metal 
electrode 16 pass through the n type GaN system semiconductor 
layer 15, and recombines with holes in the light emission 
layer 14. The light propagating in the direction of the p 
type GaN system semiconductor layer 13 from among the light 
emitted by the recombination, passes through the MgZnO 
electrode film 12 and is emitted outside. Here, by means of a 
doped Mg, the ZnO film can retain its high transmit tance even 
for the short wavelength of about 400nm. Because the light 
emitted in the light emission layer 14 passes through the 
MgZnO electrode film 12, the light can be efficiently emitted 
or extracted outside. 

Therefore, in the GaN system semiconductor light 
emitting device described according to the embodiment of the 
implementation, a semiconductor light emitting device is 
excellent in light emission efficiency and light extracting 
efficiency can be provided by means of Ga or B doped Mg z Zni_ z O 
(0^z<l) as a transparent -electrode film. 

A second embodiment of the present invention is shown 
in Fig. 4. In Fig. 4, 12 is a MgZnO electrode film, 13 is a p 
type GaN system semiconductor layer, 14 is a light emission 
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layer, 15 is an n type GaN system semiconductor layer, 16 is 
a metal electrode, and 17 is a sapphire substrate, and 18 is 
a metal electrode. 

There exists a point of difference between the second 
and first embodiments in that the metal electrode 18 is not 
formed on the top surface of the MgZnO electrode film 12, but 
formed on the top surface of the p type GaN system 
semiconductor layer 13, such that it is adjacent to the MgZnO 
electrode film 12. When the MgZnO electrode film 12 is thick, 
a contact area between the metal electrode 18 and the MgZnO 
electrode film 12 increases, and thus holes supplied from the 
metal electrode 18 are diffused, in the lateral direction, to 
the MgZnO electrode film 12. 

The GaN system semiconductor light emitting device 
shown in Fig. 4 is manufactured by the same process as the 
GaN system semiconductor light emitting device shown in Fig. 
1 up to the formation of the p type GaN system semiconductor 
layer 13 on the top surface of the light emission layer 14. 
The p type GaN system semiconductor layer 13 is formed on the 
top surface of the light emission layer 14, and then after 
there has been formed the MgZnO transparent electrode film 12, 
comprising Ga doped Mg z Zni_ z O (0^z<l), on the top surface of 
the p type GaN system semiconductor 13, there is removed a 
portion of the MgZnO transparent electrode film 12, the p 
type GaN system semiconductor layer 13, the light emission 
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layer 14, and the n type GaN system semiconductor layer 15, 
by etching, respectively. The n type GaN system semiconductor 
layer 15 is etched down to the midway of the layer thereof. 
The part of MgZnO electrode film 12, where the metal 
electrode 18 is formed, is removed by etching. The metal 
electrode 16 is formed on the top surface of the exposed n 
type GaN system semiconductor layer 15, and the metal 
electrode 18 is formed on the top surface of the exposed p 
type GaN system semiconductor layer 13, with an evaporation 
method or a sputtering method. A Ga-doped Mg z Zn x . z O (0^z<l) 
may be replaced by a B-doped Mg z Zni_ z O (0^z<l). 

Alternatively, after there has been formed the p type 
GaN system semiconductor layer 13 on the top surface of the 
light emission layer 14, there is removed a portion of the p 
type GaN system semiconductor layer 13, the light emission 
layer 14, and the n type GaN system semiconductor layer 15 by 
etching, respectively. The n type GaN system semiconductor 
layer 15 is etched down to the midway of the layer thereof, 
and the metal electrode 16 is formed on the top surface of 
the exposed n type GaN system semiconductor layer 15, with an 
evaporation method or a sputtering method. The metal 
electrode 18 is formed on the top surface of the p type GaN 
system semiconductor layer 13, with the evaporation method or 
the sputtering method. The MgZnO electrode film 12, which 
comprises Ga-doped Mg z Zni- z O (0^z<l), is formed with a sputter 
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method, an ion plating method, and an evaporation method. 
Alternatively, the n type GaN system semiconductor layer 15 
is etched down to the midway of the layer thereof, and then 
after having formed the ZnO transparent electrode film 12, 
which comprises Ga doped Mg z Zn!_ z O (0^z<l), with a sputter 
method, an ion plating method, and an evaporation method, the 
metal electrode 16 is formed on the top surface of the 
exposed n type GaN system semiconductor layer 15, and the 
metal electrode 18 is formed on the top surface of the p type 
GaN system semiconductor layer 13 with an evaporation method 
or a sputtering method, respectively. A Ga-doped Mg z Zni_ z O (0^ 
z<l) may be replaced by B-doped Mg z Zni_ z O (0^z<l). 

In Fig. 4, because the resistivity of MgZnO electrode 
film 12 is smaller than the resistivity of the p type GaN 
system semiconductor layer 13, in the GaN system 
semiconductor light emitting device shown in Fig. 4, electric 
current injected from the metal electrode 18 can easily 
diffuse in the lateral direction, in the MgZnO electrode film 
12. The electric current diffused in the lateral direction is 
supplied extensively to the light emission layer 14 through 
the p type GaN system semiconductor layer 13. Because the 
electric current spreading is sufficient, holes are 
extensively supplied to the light emission layer 14, thereby 
enabling the achievement of an efficient light emission. 
Because the light emitted in the light emission layer 14 
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passes through the MgZnO electrode film 12, the light emitted 
can be efficiently taken out or extracted outside. 

Therefore, in the GaN system semiconductor light 
emitting device described according to the second embodiment, 
a semiconductor light emitting device is excellent in light 
emission efficiency and light extracting efficiency can be 
achieved by using Ga or B doped Mg z Zni_ z O (0 ^ z<l) as a 
transparent -electrode film. 

A third embodiment of the present invention is shown in 
Fig, 5. In Fig. 5, 11 is a metal electrode, 12 is a MgZnO 
electrode film, 13 is a p type GaN system semiconductor layer, 
14 is a light emission layer, 15 is an n type GaN system 
semiconductor layer, 16 is a metal electrode, and 19 is a 
conductive substrate . 

There exists a point of difference between third 
embodiment and the first or the second embodiment point in 
that the n type GaN system semiconductor layer 15, the light 
emission layer 14, the p type GaN system semiconductor layer 
13, and etc. are laminated on a conductive substrate 19. For 
the conductive substrate 19, SiC and ZnO can be applied. Ni 
and NiSi alloy can be applied as the metal electrode 16, when 
applying SiC to the conductive substrate 19. A Ti/Au 
laminating electrode can be applied as the metal electrode 16, 
when applying ZnO to the conductive substrate 19. 

In the GaN system semiconductor light emitting device 
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shown in Fig. 5, the n type GaN system semiconductor layer 15, 
the light emission layer 14, the p type GaN system 
semiconductor layer 13, and etc. are laminated on the 
conductive substrate 19, by the same process as the GaN 
system semiconductor light emitting device shown in Fig. 1. 
However, laminating the n type GaN system semiconductor layer 
15, and etc. on the conductive substrate 19 makes unnecessary 
a process for etching starting from the upper portion of the 
GaN system semiconductor light emitting device and forming a 
metal electrode connecting to the n type GaN system 
semiconductor layer 15, like the first or the second 
embodiment. For this reason, simplification of the 
manufacturing process and improvement in reliability can be 
attained. 

Also in the GaN system semiconductor light emitting 
device shown in Fig. 5, because the resistivity of the MgZnO 
electrode film 12 is smaller than the resistivity of the p 
type GaN system semiconductor layer 13, electric current 
injected from the metal electrode 11 can easily diffuse in 
the lateral direction, in the MgZnO electrode film 12. The 
electric current diffused in the lateral direction is 
supplied extensively to the light emission layer 14 through 
the p type GaN system semiconductor layer 13. Because the 
electric current spreading is sufficient, holes are 
extensively supplied to the light emission layer 14, thereby 
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it enables to achieve an efficient light emission. Because 
the light emitted in the light emission layer 14 passes 
through the MgZnO electrode film 12, the emitted light can be 
efficiently extracted out. 

Therefore, in the GaN system semiconductor light 
emitting device described in connection with the third 
embodiment, there could be achieved a semiconductor light 
emitting device excellent in light emission efficiency and 
light extracting efficiency or light exit efficiency by using 
Ga or B doped Mg z Zn!_ z O (0^z<l) as a transparent -electrode 
film. 

Although in case of the embodiments 1 and 2 of the GaN 
system semiconductor layers are formed on the top surface of 
the sapphire substrate 17 and the sapphire substrate 17 is 
utilized as a mounting substrate, there can be also realized 
a variation of a structure, in which the sapphire substrate 
17 is removed from the GaN system semiconductor layer of such 
a structure, wherein there can be taken out the light emitted 
in the light emission layer, from the n type GaN system 
semiconductor layer. Moreover, it is also possible to 
construct a semiconductor light emitting device with such a 
structure that there is laminated from the beginning 
consecutively on a substrate, at least a p type GaN system 
semiconductor layer, a light emission layer, and an n type 
GaN system semiconductor layer. 
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In a semiconductor light emitting device with such a 
structure, a metal electrode is formed on the top surface of 
an n type GaN system semiconductor layer. A GaN system 
semiconductor light emitting device of a structure, which has 
a metal electrode formed on the top surface of an n type GaN 
system semiconductor layer, has a Ga doped MgZnO electrode 
film formed on the top surface of the n type GaN system 
semiconductor layer. The metal electrode may be formed on the 
top surface of the Ga doped MgZnO electrode film like the 
first embodiment, or may be formed such that it is not only 
contiguous to the n type GaN system semiconductor layer, but 
also adjoins to the Ga doped MgZnO electrode layer like the 
second embodiment. In addition, a GaN system semiconductor 
may be formed on the top surface of a conducting substrate 
like the third embodiment. A Ga-doped MgZnO electrode film 
may be replaced by B-doped MgZnO electrode film. 

Even in a GaN system semiconductor light emitting 
device which has a Ga or B doped MgZnO electrode film on the 
top surface of the n type GaN system semiconductor layer, a 
semiconductor light emitting device is excellent in light 
emission efficiency and light extracting efficiency can be 
realized by using Ga or B doped Mg z Zni_ z O (0 ^ z<l) as a 
transparent -electrode film. 

Effect of the Invention 
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As described above, the GaN system semiconductor light 
emitting devices as described in connection with the 
embodiments of the present invention, is featured by using Ga 
or B doped Mg z Zni_ z O (0^z<l) as a transparent -electrode film, 
thereby it enables to lower resistivity and furthermore to 
increase the transmittance of the emitted light, with the 
result that a semiconductor light emitting devices is 
excellent in light emission efficiency and light extracting 
efficiency or light exit efficiency, can be realized. 



